Abstract: Kinetic study of co-oxidation of isopropyl alcohol (IPA) with ethylenediaminetetraacetic acid (EDTA) by pyridiniumfluorochromate (PFC) has been investigated in the presence of perchloric acid-water medium at 303 °K. The reaction was carried out in induced pseudo first order conditions. The rate of co-oxidation of IPA and EDTA was ten times greater than the combined rate of addition of both compounds separately. EDTA catalyzed the oxidation of IPA. Free radical test proved two electron transfer oxidation and product was Cr(III). Thermodynamic parameters and individual order have been determined. Energy of activation of co-oxidation is 42.52 kcal. mol -1 , while individually is 67.55 kcal. mol -1 for IPA & 69.71 kcal. mol -1 for EDTA. Suitable mechanism has been suggested.
Introduction
The co-oxidation of organic substrate by PFC under mild acidic condition is an important subject in modern organic synthesis, because many biological reactions are example of co-oxidation and this will help to understand life processes. PFC is an important oxidant due to high solubility of PFC in organic solvent compared to other Cr(VI) inorganic compounds, which have low dielectric constant. Some of the important entries in the list of reagents are pyridinium chlorochromate (PCC) 1,2 pyridinium dichromate (PDC) 3 , pyridinium bromochromate (PBC) 4, 5 , quinolinium chlorochromate (QCC) [6] [7] [8] [9] , quinolinium fluorochromate (QFC) [10] [11] [12] , quinolinium bromochromate (QBC) [13] [14] [15] and quinolinium dichromate (QDC) 16, 17 . Many organic compounds like 2'2 bipyridyl 18-21 sodium dodecyl sulphate 22 , 1,10 phenathroline 23 and tartaric acid 24 are used as catalyst for many chemical reactions. Ethylendiamminetetraaceticacid (EDTA) is an important organic acid which act as chelating agent, so it is used in removal of toxic metal from over body and also used in determine the hardness of water. It can be also used in agriculture, food processing, cleaners and detergents, pulp and paper manufacturing, textiles manufacturing and dyeing. EDTA catalyzed the oxidation of isopropyl alcohol and also consumed in oxidation reaction, this type of reaction is called co-oxidation reaction.
RESEARCH ARTICLE Experimental
Disodium salt of ethylenediaminetetraaceticacid was used after re-crystallization and isopropyl alcohol was used after distillation and purity checked by boiling point. Solvents were purified by the usual procedure and all the chemicals and reagents were of analytical grade. Stock solutions of all reagents were prepared by direct dissolving a known amount in double distilled water. They were stored in refrigerator and were used up to one week.
Preparation of the oxidant (pyridinium fluorochromate)
PFC was synthesized by standard method as reported in literature 25 and its purity was checked by an iodometric method, melting point determination and infra red spectral analysis [υ max (KBr) = 3033, 2366, 1616, 1466, 1299, 949 and 733 cm -1 ]. The melting point of PFC was found to be at 156±0.1 C which was confirmed with the literature value. The stock solution of PFC was prepared in water.
Stoichiometry
The reaction mixture containing excess of PFC over EDTA and IPA was kept in presence of HClO 4 at room temperature for 72 hour. The excess of PFC left in the solution after completion of reaction was determined spectrophotometrically. The concentration of PFC showed that reaction exhibited 3:2 stoichiometry with respect to IPA i.e. Three mole of IPA consumed two moles of PFC and stoichiometry equation for oxidation of EDTA is not predictable because of complex form between EDTA and PFC 26 .
Kinetic measurements
All experiments were carried out in three parts. In first part we have done the kinetic study of oxidation of IPA with PFC and all parameters were determined. In second part we have done the kinetic study of oxidation of EDTA with PFC and all parameters were determined and in third part we have done the kinetic study of oxidation of mixture i.e. (IPA+EDTA) with PFC. After all the three experiments, we have found that the rate of reaction was increases 10 times from both compounds separately. All reactions were carried out under pseudo-first order condition by keeping excess of IPA and EDTA over PFC, in perchloric acid-water medium. The progress of reaction was followed by estimating the un-reacted PFC at regular time intervals. The reactions were carried out at constant temperature (±1 K) and followed by spectrophotometrically. The rate constant was evaluated from the linear plot of log absorbance against time. The activation parameters were calculated from the slope and intercept of linear plot of log k against 1\T employing Arrhenius's equation.
Product analyses
The oxidation of IPA and EDTA leads to the formation of acetone and formic acid respectively. The qualitative and quantitative product analysis is carried out under kinetic conditions. Large amount of reaction mixture is taken for the reaction. After the completion of reaction, whole reaction mixture was treated with 2, 4-dinitrophenylhydrazine 27 . A yellow-orange precipitate obtained which was filtrated, washed, dried and weighted. The weight of product from IPA is 0.20 g and the weight of product of EDTA is 0.12 g.
Confirmation of acetone product from IPA and formic acid product from EDTA was done by melting point and infra red analysis.
Results and Discussion
Oxidation of IPA, EDTA and mixture of both compounds (IPA+EDTA) by PFC has been studied kinetically at fixed temperature. And we found that EDTA catalyzed the oxidation of IPA. This type of catalysis is called organic catalysis. This is proved by various experiments. (Figure 1 ), only EDTA is half ( Figure 2 ) and co-oxidation of IPA+EDTA is one ( Figure 3 ). Δk catalysis also calculated. 
Effect of [H + ]

Zucker Hammett hypothesis
This hypothesis is used to determine the role of water molecule in rate determining step. We plot a curve between log k vs. acidity function (H 0 ). If curve found to be linear with slop equal to one then we say that water molecule act as proton abstractor in rate determining step. We get a linear plot ( Figure 4 , Table 2 ) with slope = 0.92 (equal to one) so this proves water molecule act as proton abstractor agent in rate determining step. Table 3 shows the effect of substrate variation on reaction rate. Rate of reaction increases with increase in concentration of substrate. Substrate concentration was varied from 0.008 M to 0.04 M and plot of log k vs. log [sub] was found to be linear. Order of reaction is found first order with respect to IPA ( Figure 5 ) and EDTA ( Figure 6 ). In mix set, we also studied effect of concentration variation on rate, reaction show half order (0.58 i.e.0.5) with respect to IPA ( Figure 7 ) and fractional order is found 0.2 with respect to EDTA (Figure 8 ) Michaelis-Menten curve Figure 9 wide Table 4 shows the plot of 1/k versus 1/[EDTA] is linear with small positive intercept, indicates that Michaelis-Menten type kinetics is followed with respect to EDTA, so complex is formed between EDTA and PFC in rate determining step. 
Substrate variation
Oxidant variation
PFC used as an oxidant. It is taken in excess concentration, so there is no effect on rate constant on all substrate i.e. IPA, EDTA and IPA+EDTA (Table 5 ). The order with respect to PFC is one. Effect of ionic strength Table 6 shows the effect of ionic strength. There is no effect in rate of reaction by changing sodium per chlorate concentration from 0.001-0.01 mole cm -3 on all substrate i.e. IPA, EDTA and IPA+EDTA. This shows absence ion-ion type interaction in rate determining step. 
Free radical test
The reaction mixture in kinetic conditions to which a known amount of acrylonitrile scavenger has been added initially was kept for 24 hours in an inert atmosphere of N 2 fail to induce the polymerization of acrylonitrile. Then on dilution of the reaction mixture with methanol no turbidity occurred, indicating that one-electron oxidation was unlikely.
Activation energy
The rate of oxidation of IPA, EDTA and mixture of both compounds (IPA + EDTA) were determined at different temperature and the reaction obeys Arrhenius equation. Results are summarized in Table 10 . Energy of activation was calculated by slope of straight line obtained plotting log k versus 1/T (Figure 16 ). , (IPA + EDTA). That is prove that rate of reaction increase when both compounds take together, means one of them is act as a catalyzed. Figure 16 . Plot between 1/T and 4 + log k
Thermodynamics parameters
With the help of activation energy, various thermodynamic Parameters like entropy of activation and free energy of activation evaluated as given in Table 11 . 
